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(57) ABSTRACT

A clock synchronization circuit includes a multi-phase clock
generator to generate a plurality of delayed clocks, each
delayed clock having a unique delay with regard to a source
clock. The clock synchronization circuit further includes a
selection circuit that selects one of the delayed clocks accord-
ing to a phase error to form a local clock driven into a local
clock path and received at the clock synchronization circuit as
a received local clock. The selection circuit determines the
phase error by comparing the received local clock to a refer-
ence clock.

21 Claims, 5 Drawing Sheets

100
110
Clock Multi-phase clock
105~ Source generator ~115
o @, D
e o e 120
A 4 h 4 \ 4
reference N
140 clock : Selector ~125
Rec<—:i|(;/Ceac: @ Selected phase of the
135~ clock "I multi-phase ciocks

130




US 9,191,193 B1

Sheet 1 of 5

Nov. 17, 2015

U.S. Patent

l Ol

o€l

S00(0 aseyd-inw 20J0

) Mmm_ﬁm d ;wo.w_m % [eoo] ——G€1

A HEPOIRRIES paAlsoay
Gl Jj0108[8g H o0
b Soueisier — OVH
1 2 2
0clL e o o
) 47} 5%
jojelsusb
] _ < 22In0
GLl )oo|o aseyd-niniA - S GOl
oLl

00}



U.S. Patent Nov. 17, 2015 Sheet 2 of 5 US 9,191,193 B1

T s T DL 15 |
230 215 115
. ventrl Phase detector and
D feedback control
i DLL loop
1
235 dinp d<15>
AN AN
clk | I\It dinp
npu — -
110{clkb %delayo o o o] £ |
200 205 210
d<0> e o ed<14> d<15>
125 0 120
140 d<15:0% )l net5:0>  Out
Y
clk_ref
> . Phase error
clk_out | Multi-phase PD I
( >
135 I 245
240
A
NN N
N T J
130

FIG. 2



US 9,191,193 B1

Sheet 3 of 5

Nov. 17, 2015

U.S. Patent

¢ 9Old
paziuoJYouAs
N0 YD pue Jal Mo

UOI}081I00) JIBYY F uonoslRQ
|

L_1no yo—~gg|
v R_INP—~0F )

:

0cl

.........

e [y R PR, S

1
Glyleleiilole 8 L 9SG v €¢C

1 _ — 1 1 A —0l1
< 1 >




US 9,191,193 B1

Sheet 4 of 5

Nov. 17, 2015

U.S. Patent

¥ Old
Ulewop 3009 [e2o| Y UIBWIOP Y20|2 |e30] puZ Ulewop X002 |B20] 1S}
A A A
r A\ r ) r N\
N N NN N N N NN NN NS
L 7 7 - 7 7 L~ L~ 7
owm oww
Obe— I ) )
Qd eseyd Mﬁ_‘:oZIx_o dd sseyd 1IN0 AP ad eseyd ~oIno Yo
AT BN fe— YN e
®wm_(_ ﬁ_ vy h—Q._ulv:nv wwm‘.\_& y .._.m._|v_ _O %w._lv__O
AAo”mrvu < <0:Gl>p
<0:GL>p
Gcl GCl Ggcl
<W'os>p
Gol
Jojesaualb oo
SHb1 aseyd ninp




U.S. Patent Nov. 17, 2015 Sheet 5 of 5 US 9,191,193 B1

generating a plurality of delayed clocks such that each delayed 500
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1
CLOCK SYNCHRONIZATION

TECHNICAL FIELD

This application relates to synchronization of a clock sig-
nal with regard to another clock signal.

BACKGROUND

Modern ASICs such as a system-on-a-chip (SOC) integrate
many functions into a single chip. To address the increased
complexity in modern designs, the system clock is often split
into several local clock domains. By splitting the system
clock in this fashion, the loading on the global clock is
reduced, which in turn reduces the insertion delay and clock
jitter. The local circuits receiving the local clocks thus benefit
from reduced uncertainty due to the reduced jitter and are
more robust over process and temperature variations.

Although multiple clock domains are thus an attractive
alternative as compared to using a single global clock, the
local clocks must still be phase aligned with the global clock.
A conventional technique to keep multiple clocks in phase
alignment involves the use of phase-locked loops (PLLs). But
the synchronization from a PLL is typically slow due to their
low bandwidth. For example, the lock time for a conventional
PLL to align one clock with another is on the order of tens or
hundreds of micro seconds. In addition, each additional clock
domain requires another PLL such that N clock domains
require (N-1) PLLs. The use of such a multiplicity of PLLs as
the number N of clock domains is increased requires exces-
sive die area and leads to high power consumption.

Accordingly, there is a need in the art for improved clock
synchronization techniques and circuits.

SUMMARY

A synchronization circuit is provided that includes a multi-
phase generator for generating a multi-phase clock. The
multi-phase clock comprises a series of delayed versions of a
source clock. The synchronization circuit further includes a
selector circuit that selects from the delayed versions accord-
ing to a phase error to form a local clock that is driven into a
clock path. The selector circuit receives the local clock after
its propagation through the clock path as a received local
clock and also receives a reference clock. The selector circuit
compares the received local clock to a reference clock to
generate the phase error.

These advantageous features may be better appreciated
with reference to the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an example clock synchroni-
zation system.

FIG. 2 is a schematic diagram for embodiments of the
multi-phase clock generator and selector circuit of FIG. 1.

FIG. 3 is a timing diagram for the various clock signals in
FIG. 2 before and after phase alignment.

FIG. 4 is a block diagram of an example clock synchroni-
zation circuit for synchronizing a plurality of local clocks.

FIG. 5 is a flowchart of an example method of operation for
a clock synchronization system.

Embodiments of the disclosed clock synchronization sys-
tem and their advantages are best understood by referring to
the detailed description that follows. It should be appreciated
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2

that like reference numerals are used to identify like elements
illustrated in one or more of the figures.

DETAILED DESCRIPTION

To meet this need in the art for improved clock synchroni-
zation circuits and techniques, a clock synchronization circuit
is provided that includes a multi-phase clock generator for
generating a plurality of delayed clocks and further includes
a selector circuit for selecting from the plurality of delayed
clocks to form a local clock. The selector circuit makes the
selection responsive to a phase error between a received ver-
sion of the local clock and a reference clock. In this fashion,
the selected delayed clock addresses the phase error such that
the received local clock is phase aligned with the reference
clock.

An example clock synchronization circuit 100 is shown in
FIG. 1. A clock source 105 such as a phase-locked loop (PLL)
produces a source clock 110. A multi-phase clock generator
115 generates a multi-phase clock 120 based on source clock
110. In particular, multi-phase clock 120 comprises a plural-
ity m of delayed clocks successively arranged from a first
delayed clock ¢, that is phase shifted with regard to source
clock 110 by a phase-shift ¢ to a final mth delayed clock ¢,,
that is phase shifted with regard to source clock 110 by m¢,
where m is a integer greater than one. FEach successive
delayed clock is phase shifted by ¢ with regard to the preced-
ing delayed clock. For example, a second delayed clock ¢, is
phase shifted by ¢ with to first delayed clock ¢,. Similarly, a
third delayed clock ¢, (not illustrated) is phase shifted by ¢
with regard to second delayed clock ¢,. The mth delayed
clock ¢,, is thus phase shifted by ¢ with regard to an (m-1)th
delayed clock ¢, ; (not illustrated).

The phase shift ¢ is equivalent to a delay A that depends on
aclockcycle period T for source clock 110 and the number m
of the delayed clocks. In particular, the delay A equals T/m.
The equivalent phase shift ¢ equals 2rt/m. A selector circuit
125 selects from multi-phase clock 120 to output a selected
delayed clock ¢,, where i is an integer representing the
selected delayed clock. For example, if selector circuit 125
selects first delayed clock ¢,, then i equals one. Conversely, if
selector circuit 125 selects second delayed clock ¢,, then i
equals two, and so on such that if selector circuit 125 selects
mth delayed clock ¢,,, then i equals m. Selector circuit 125
drives out the selected delayed clock ¢, as alocal clock carried
on a local clock path represented by buffers 130. After propa-
gating through the local clock path, the local clock is again
received by selector circuit 125 as a received local clock 135.

Selector circuit 125 is configured to determine a phase
error between a reference clock 140 and received local clock
135. In one embodiment, reference clock 140 may comprise
a buffered or delayed version of source clock 110. However,
reference clock 140 need not be derived from source clock
110 so long as it has the same frequency. Based upon the
phase error, selector circuit 125 selects for the selected
delayed clock ¢, so that the phase error is minimized. In other
words, selector circuit 125 makes its selection such that
received local clock 135 is edge aligned with (or equivalently,
in phase with) reference clock 140.

Example embodiments for multi-phase clock generator
115 and selector circuit 125 are shown in FIG. 2. In one
embodiment, multi-phase clock generator 115 comprises a
delay-locked loop (DLL) 115 that includes a delay line hav-
ing a plurality m of delay elements matching the plurality m
of delayed clocks that form multi-phase clock 120. It is con-
venient for the integer m to be a power of two as will be
explained further herein. In one embodiment, m may thus
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equal 2*=16 such that the delay elements in DLL 115 range
from a zeroth delay element (delay0) 205 to a fifteenth delay
element (delayl5) 210. A buffering delay element 200
receives source clock 110 and delays source clock into a
buffered clock dinp that drives zeroth delay element 205. As
shown in FIG. 2, source clock 110 may comprise a differential
clock although a single-ended version could also be used.

Each delay element produces a corresponding delayed
clock as part of multi-phase clock 120, which is represented
as d<0:15>. For example, the zeroth delay element 205 pro-
duces delayed clock d<0> whereas the fifteenth delay ele-
ment 210 produces delayed clock d<15>. Similarly, an ith
delay element (not illustrated) produces an ith delayed clock
d<i>. DLL 115 includes a phase detector and feedback con-
trolunit 215 that produces a control voltage (ventrl) 220. Each
delay unit is configured to adjust the amount of delay it
applies to its delayed clock responsive to control voltage 220.
Phase detector and feedback control unit 215 controls control
voltage 220 to implement a feedback loop 235 that keeps
delayed clock d<15> phase aligned with buffered input clock
dinp. Inthis fashion, the delayed clocks d<1:15>have a phase
relationship to source clock 110 as shown in FIG. 3 in a
detection phase prior to the phase correction of received local
clock (clk_out) and after its phase correction during a correc-
tion phase. The period T of source clock 110 is sampled at 16
equally distributed points such that an ith delayed clock d<i>
has a rising edge at ((i)* (1/16))+(1/16) with regard to the
rising edge of the buffered input clock dinp. For example, the
rising edge of d<0> is delayed by T/16 with regard to the
rising edge of buffered input clock dinp. Similarly, the rising
edge of d<1> is delayed by 21/16 with regard to the rising
edge of buffered input clock dinp, and so on.

Referring again to FIG. 2, selector circuit 125 includes a
multi-phase detector (PD) 240 that compares a received local
clock (clk_out) 135 to a reference clock 140 to generate a
digital phase error 245. Phase error 245 is a digital code that
selects for a selected one of delayed clocks d<0:15> at a
multiplexer 250. Multiplexer 250 launches the selected
delayed clock (represented by d<i>) as a local clock that
propagates through a local clock domain represented by buff-
ers 130 before returning as received local clock 135 to multi-
phase detector 240. It will be appreciated that the local clock
domain may comprise any suitable collection of logic gates
and routes/routings. As discussed with regard to source clock
110, multi-phase clock 120, received local clock 135, and
reference clock 140 may all be differential or single-ended
clock signals. Similar to multiplexer 250, multi-phase detec-
tor 240 also receives delayed clocks d<0:15> so that these
delayed clocks may be used to determine a phase for refer-
ence clock 140 and to determine a phase for received local
clock 135. For example, multi-phase detector 240 may
include a flip-flop (not illustrated) for each delayed clock. In
an embodiment having 16 delayed clocks d<0:15>, multi-
phase detector 240 may thus include 16 flip-flops that may be
used in a serial fashion to determine the phase for reference
clock 140 and received local clock 135.

Alternatively, multi-phase detector 240 may include thirty-
two flip-flops (one set of sixteen for analyzing reference clock
140 and another set of sixteen flip-flops for analyzing
received local clock 135). Referring again to a serial embodi-
ment, each flip-flop may be triggered by a clock edge (e.g., a
rising clock edge) in the corresponding clock signal being
analyzed. For example, suppose reference clock 140 has an
incoming phase as shown in FIG. 3 and is used to trigger
sixteen flip-flops corresponding to the sixteen delayed clocks
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d<0:15>. A zeroth flip-flop registers d<0>, a first flip-flop
registers d<1>, and so on such that a sixteenth flip-flop reg-
isters d<15>.

Given the phasing of the reference clock 140 as shown in
FIG. 3, the flip-flop corresponding to d<0> would register a
logic high value whereas the flip-flops corresponding to d<1>
through d<8>would register a logic low value. Similarly, the
flip-flops corresponding to d<9> through d<15> would reg-
ister a logic high value. The registered values in the flip-flops
may thus be used as a digital word by multi-phase detector
240 that represents the phase of reference clock 140. The
flip-flops may then be reset (in a serial embodiment) so that
the phase of received local clock 135 could be determined
analogously such that the flip-flops would then be triggered
by the corresponding clock edge in received local clock 135.
As a result, multi-phase detector 240 can compare the two
resulting digital words (one representing the phase of
received local clock 135 and another representing the phase
of reference clock 140) to determine digital phase error 245.
For example, multi-phase detector 240 could subtract the two
digital words to determine the digital phase error 245.

Note that prior to the phase calculations, multiplexer 250
must have launched the local clock or there would be no
received local clock 135 to measure. Prior to a phase mea-
surement, phase error 245 could thus have a default value
such as all binary zeroes to select for a default delayed clock
such as d<0>. With the default delayed clock launched as the
local clock from multiplexer 250 during a detection phase of
operation, multi-phase detector 240 will thus receive received
local clock 135 so that a phase measurement could com-
mence.

In one embodiment, multiplexer 250 may be deemed to
comprise a means for selecting from the plurality of delayed
clocks responsive to a phase error to form a selected delayed
clock and for driving the selected delayed clock into a first
end of a clock path. Similarly, multi-phase detector 240 may
be deemed to comprise a means for comparing a clock
received from a second end of the clock path to a reference
clock to determine the phase error.

The phase correction applied by multi-phase detector 240
is relative to the default delayed clock. For example, consider
the timing relationship shown in FIG. 3 between reference
clock 140 and received local clock 135 during the detection
phase of operation. In the example timing relationship shown
in FIG. 3, the phase difference between the rising edges of
these clocks equals 6*1/16. In other words, the rising edge of
the reference clock 140 may be deemed to correspond with
the rising edge for delayed clock d<0> as determined in the
phase measurement process discussed above. Similarly, the
rising edge of the received local clock 135 may be deemed to
correspond with the rising edge of delayed clock d<6>. One
can thus readily appreciate that such rising edges are sepa-
rated by six clock displacements in the serial arrangement of
d<0> through d<15>. Each successive delayed clock is
delayed by T/16 with regard to the preceding delayed clock as
discussed above. Accordingly, the delay or skew between
reference clock 140 and received local clock 135 shown in
FIG. 3 during the detection phase of operation is 6T/16.

Note what this phase difference means: the default delayed
clock propagates through local clock domain 130 and
becomes delayed by 6T/16 with regard to reference clock
140. If multiplexer 250 could thus launch a delayed clock
d<i> that has a rising edge advanced by 6T/16 with regard to
the default delayed clock, received local clock 135 will then
be phase aligned with reference local clock 140. In this
example, the default local clock is d<0>such that the selected
delayed clock by multiplexer 250 should be d<[(0-6)modulo
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16]>=d<10>. As shown in FIG. 3 after correction with d<10>
being launched in this fashion as the local clock, the received
local clock 135 is then phase aligned with reference clock
140. More generally, suppose the default clock is d<i>in an
embodiment with m default delayed clocks. In addition, sup-
pose that the phase measurement by multi-phase detector 240
indicates that received local clock 135 is delayed by n delay
increments with regard to reference local clock 140 (each
delay increment equaling T/m). The selected delayed clock in
such a case would be d<[(i-n)modulo m]>.

Such a phase alignment is quite advantageous in that phase
detector 240 requires just a few clock cycles to make the
phase measurements and adjustment. At a clock rate of 1
GHz, that is just a few nanoseconds. In contrast, a conven-
tional use of a PLL to align received local clock 135 with
reference clock 140 would require tens of microseconds or
longer, which is orders of magnitude slower. In addition, the
digital circuitry within multi-phase detector 240 such as the
flip-flops discussed earlier is relatively compact and low
power. Similarly, multiplexer 250 also requires relatively few
transistors to construct. In contrast, a PLL is considerably
bulkier and consumes substantially more power.

The die area and power savings are further enhanced when
a plurality of selector circuits 125 are used to synchronize a
corresponding plurality of local clocks as shown in FIG. 4. A
single clock source 105 such as a PLL and a multi-phase clock
generator 115 such as a DLL provide a common multi-phase
clock 120 (d<0,m>) that is distributed to the various selector
circuits 125. The integer m represents some arbitrary power
of 2 for the number of phases that within multi-phase clock
120. As discussed with regard to FIG. 2, sixteen is an example
number of phases but other powers of two may also be used
such as eight or thirty-two. Indeed, the number of phases is
not limited to only powers of two but such a form is of course
convenient in terms of efficient selection at multiplexer 250
by digital phase error 245.

Each selector circuit 125 receives a reference clock that
may be independent of the reference clocks received by the
remaining selector circuits 125. The multi-phase detector 240
in each selector circuit 125 uses its reference clock to syn-
chronize a received local clock as discussed with regard to
FIG. 2. For example, a first selector circuit 125 synchronizes
a first received local clock (clk_out0) from a first local clock
domain. Similarly, a second selector circuit 125 synchronizes
a second received local clock (clk_outl) from a second local
clock domain, and so on such that a nth selector circuit 125
synchronizes an nth received local clock (clk_out(N-1)) from
an nth local clock domain, wherein n is a plural positive
integer representing the number of local clock domains being
synchronized.

As discussed with regard to FIG. 2, the components within
each selector circuit 125 are relatively compact and low
power compared to conventional uses of PLLs. The arrange-
ment shown in FIG. 4 is quite advantageous in that n local
clocks may be synchronized with just one PLL. In contrast, a
conventional synchronization of n local clocks requires n—1
PLLs. As compared to requiring so many PLLs, selector
circuits 125 consume substantially less power and are much
denser.

An example method of operation for clock synchronization
circuit 100 will now be discussed. Note that this method is
defined with regard to a detection period or phase of operation
followed by a correction phase of operation. The detection
phase occurs prior to the correction phase. In that regard,
selector circuit 125 cannot detect the phase of an unsynchro-
nized local clock 135 until multiplexer 250 drives out a
default delayed clock. In other words, a clock must be driven
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out so that a received local clock 135 may be compared to the
plurality of delayed clocks 120. As discussed earlier, it is
arbitrary what delayed clock forms the default clock but
regardless of which one is selected, the subsequent selection
by multiplexer 250 responsive to phase error 245 is with
regard to the phase of the default clock. For example, suppose
d<8> was the default clock. If the received local clock 135 has
a rising edge delayed by 31/16 with regard to the reference
clock, one can readily appreciate that advancing the phase of
launched local clock by 3T/16 would bring received local
clock 135 in phase alignment with the reference clock. In
general, such a phase advancement is made with respect to
whatever delayed clock is selected as the default clock.

Once the phase error signal is formed, the selector circuit
125 may proceed to the adjustment phase. To prevent glitches,
multiplexer 250 may be controlled to gate off its output to the
local clock path during the calculation of the phase error 245
from the two captured digital words representing the phases,
respectively, of the reference clock 140 and received local
clock 135. In that regard, multi-phase detector 240 receives
all the delayed clocks 120 and thus knows when their rising
edges occur. Multi-phase detector 240 may thus assert phase
error 245 prior to the rising edge of what will be the selected
delayed clock driven out by multiplexer 250. The synchro-
nized received clock 135 will thus be glitch-free. This is quite
advantageous in that the synchronization is relatively instan-
taneous (taking only a few clock cycles to complete) but may
also be free from glitches.

FIG. 5 is a flowchart summarizing such a method of opera-
tion. A step 500 comprises generating a plurality of delayed
clocks such that each delayed clock has a unique delay with
regard to a source clock. Such an act is discussed above with
regard to the operation of DLL 115. The method also includes
an act 505 of selecting from the plurality of delayed clocks
responsive to a phase error to form a selected delayed clock.
Since this selection is responsive to the phase error, it is
representative of the selection that occurs in multiplexer 250
during the correction phase of operation. In contrast, multi-
plexer 250 outputs a default delayed clock during the deter-
mination phase as discussed earlier. The default delayed
clock is not selected responsive to a phase error—indeed, it is
generated prior to the determination of the phase error.

The method also includes an act 510 of driving the selected
delayed clock into a first end of a local clock path. In the
example embodiment shown in FIG. 2, the first end of the
local clock path is the output of multiplexer 250. In addition,
the method includes an act 515 of receiving a received local
clock from a second end of the local clock path. The receipt of
received local clock 135 at multi-phase detector 240 is one
example of act 515. Finally, the method includes an act 520 of
comparing the received local clock to a reference clock to
determine the phase error. Such an act occurs during the
determination phase as discussed above with regard to the
determination of phase error 245.

As those of some skill in this art will by now appreciate and
depending on the particular application at hand, many modi-
fications, substitutions and variations can be made in and to
the materials, apparatus, configurations and methods ofuse of
the devices of the present disclosure without departing from
the spirit and scope thereof. In light of this, the scope of the
present disclosure should not be limited to that of the particu-
lar embodiments illustrated and described herein, as they are
merely by way of some examples thereof, but rather, should
be fully commensurate with that of the claims appended
hereafter and their functional equivalents.
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We claim:

1. A clock synchronization circuit, comprising:

a multi-phase clock generator configured to generate a
plurality of delayed clocks from a source clock, each
delayed clock having a unique delay with regard to the
source clock; and

a selector circuit configured to select one of the delayed
clocks based upon a phase error, the selector circuit
being further configured to launch the selected one of the
delayed clocks through a clock path so as to receive a
local clock from the clock path, the selector circuit being
further configured to compare the received local clock
from the local clock path to a reference clock to deter-
mine the phase error, and wherein the selector circuit
includes a multi-phase detector configured to compare
the received local clock to the plurality of delayed clocks
to determine a first digital word and to compare the
reference clock to the plurality of delayed clocks to
determine a second digital word, and wherein the multi-
phase detector is further configured to compare the first
and second digital words to determine the phase error.

2. The clock synchronization circuit of claim 1, wherein the
selector circuit includes a multiplexer for selecting the
selected one of the delayed clocks responsive to the phase
error.

3. The clock synchronization circuit of claim 1, wherein the
selector circuit is further configured to launch the selected
one of the delayed clocks into a first end of the clock path and
to receive the received local clock from an opposing second
end of the clock path.

4. The clock synchronization circuit of claim 1, wherein the
multi-phase clock generator comprises a delay-locked loop
(DLL).

5. The clock synchronization circuit of claim 4, wherein the
DLL includes a delay line having a plurality of delay elements
arranged in a series.

6. The clock synchronization circuit of claim 5, wherein the
plurality of delay elements corresponds to the plurality of
delayed clocks, and wherein each delay element is configured
to produce the corresponding delayed clock.

7. The clock synchronization circuit of claim 6, further
comprising a clock source for producing the source clock.

8. The clock synchronization of claim 6, wherein the clock
source comprises a phase-locked loop (PLL).

9. The clock synchronization circuit of claim 5, wherein
each delay circuit is configured to be responsive to a control
voltage, and wherein the DLL includes a phase detector and
control circuit configured to generate the control voltage such
that a delayed clock from a final delay element in the series is
phase-aligned with a delayed clock from an initial delay
element in the series.

10. The clock synchronization circuit of claim 1, wherein
the selector circuit comprises a plurality of selector circuits
for synchronizing a corresponding plurality of received local
clocks.

11. A method, comprising:

generating a plurality of delayed clocks such that each
delayed clock has a unique delay with regard to a source
clock;
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selecting from the plurality of delayed clocks responsive to
a phase error to form a selected delayed clock;

driving the selected delayed clock into a first end of a local
clock path;

receiving a local clock from a second end of the local clock
path;

comparing the received local clock to the plurality of
delayed clocks to determine a first digital word;

comparing the reference clock to the plurality of delayed
clocks to determine a second digital word; and

comparing the first digital word to the second digital word
to determine the phase error.

12. The method of claim 11, wherein generating the plu-
rality of delayed clocks comprises serially delaying the
source clock such that each serial delay of the source clock
forms a corresponding one of the delayed clocks.

13. The method of claim 12, wherein the plurality of
delayed clocks comprises a positive integer m of delayed
clocks, and wherein serially delaying the source clock com-
prises serially delaying the source clock over m stages by a
delay of 1/mth of a period for the source clock for each stage.

14. The method of claim 11, further comprising delaying
the source clock to form the reference clock.

15. The method of claim 11, further comprising:

prior to selecting from the delayed clocks to form the
selected delayed clock, driving a default one of the
delayed clocks into the first end of the local clock path.

16. A system, comprising:

a multi-phase clock generator configured to generate a
plurality of delayed clocks, each delayed clock being
delayed by a unique delay with regard to a source clock;

means for selecting from the plurality of delayed clocks
responsive to a phase error to form a selected delayed
clock and for driving the selected delayed clock into a
first end of a clock path; and

a multi-phase detector configured to compare the received
local clock to the plurality of delayed clocks to deter-
mine a first digital word and to compare the reference
clock to the plurality of delayed clocks to determine a
second digital word, and wherein the multi-phase detec-
tor is further configured to compare the first and second
digital words to determine the phase error.

17. The system of claim 16, wherein the multi-phase clock

generator comprises a delay-locked loop (DLL).

18. The system of claim 17, wherein the DLL includes a
delay line having a plurality of delay elements arranged in a
series.

19. The system of claim 18, wherein the plurality of delay
elements corresponds to the plurality of delayed clocks, and
wherein each delay element is configured to produce the
corresponding delayed clock.

20. The system of claim 16, further comprising a clock
source for producing the source clock.

21. The system of claim 20, wherein the clock source
comprises a phase-locked loop (PLL).
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